Phospholipid flippase activity of the reconstituted P-glycoprotein multidrug transporter.
The P-glycoprotein multidrug transporter acts as an ATP-powered efflux pump for a large variety of hydrophobic drugs, natural products, and peptides. The protein is proposed to interact with its substrates within the hydrophobic interior of the membrane. There is indirect evidence to suggest that P-glycoprotein can also transport, or "flip", short chain fluorescent lipids between leaflets of the membrane. In this study, we use a fluorescence quenching technique to directly show that P-glycoprotein reconstituted into proteoliposomes translocates a wide variety of NBD lipids from the outer to the inner leaflet of the bilayer. Flippase activity depended on ATP hydrolysis at the outer surface of the proteoliposome, and was inhibited by vanadate. P-Glycoprotein exhibited a broad specificity for phospholipids, and translocated phosphatidylcholine, phosphatidylethanolamine, phosphatidylserine, and sphingomyelin. Lipid derivatives that were flipped included molecules with long, short, unsaturated, and saturated acyl chains and species with the NBD group covalently linked to either acyl chains or the headgroup. The extent of lipid translocation from the outer to the inner leaflet in a 20 min period at 37 degrees C was directly estimated, and fell in the range of 0.36-1.83 nmol/mg of protein. Phospholipid flipping was inhibited in a concentration-dependent, saturable fashion by various substrates and modulators, including vinblastine, verapamil, and cyclosporin A, and the efficiency of inhibition correlated well with the affinity of binding to Pgp. Taken together, these results suggest that P-glycoprotein carries out both lipid translocation and drug transport by the same path. The transporter may be a generic flippase for hydrophobic molecules with the correct steric attributes that are present within the membrane interior.